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“leo” or of unit mass raised through l / g  meters against 
the flcc.eleration of gravity. Thus Prof. Bjerknes’ 
“height” in dyna,mic mcters would beconie the gro- 

otential in ‘ ‘ l e o m  &em,  ” aid would differ niiniericdly 
gorn the real height in meters only by about 3 per cent. 

In this way all the objections on the score of morality 
or unsound terminology would be avoidecl, ant1 yet the 
numerical value of the geo-potential in “leometrers ’. 
would enable US to keep in miiirl n c!ose n.l)l)rosimntioii 
to the actual height in tlie consideration of the dynamic 
problems of the atnios )here. 

It seenis clear that t I le time has coiile wlieii meteorolo- 
gists may properly turn their ntt,en.tion to the recon- 
sideration of their units a.nd their nomeaclature, ancl 
that the call comes with n h o s t  equal force from the 
theoretical, the etlucat-ional, and the practictil sides 

THE WINDS IN THE: FREE AIR.’ 
By CHARLES J. P. CAVE, Eq., M. A., J. P., M. R .  I. 

[Dated April 11,1913.3 

It was noticed in very ea.rly.times that the wind in the 
upper air ma.y. be very clifferent, from w1ia.t i t  is on the 
surface. Lucretius says: “See you not., too, t,hat clouds 
from contrary winds pass in cont.rnrp direct.ions; t,he upper 
in contrary way to the lower?” Bacon advocated the use 
of kites in studying the winds: but it is only in quit,e re- 
cent years t.hat m y  syst.enint,ic tttkenipt has been made t,o 
investigate the free air above the surface of t,he earth. 
Kites ha.ve been flown to a height of 4 miles, but it is a 
matter of some delicacy to get even as high as 2 miles. 

The temperature of t.he free air niay be recorded by n 
met,eorograph attached to R small rubber balloon, which 
continues to ascend until the 
burstv the envelo e, 

Mr. W. H. Dines, F. R. S., tlie 
in En land, is so light that the torn 

to the surface. 4l e 

is su 2 cient to act as n parachute and check the speed of 

tion is nearly is0 thermal : however niuc. s 1 higher t,he hal- 

and Zscending convect4ion currents an d is called the 

decent. 
The general result of bhe observations has been 40 show 

that the temperature of t,he air decreases wit,li height up 
to a certain point, above which the t,em eritture distribu- 

loon ma ascend, t,here is libtle further change of tenipera- 
ture. &is upper layer, discovered by M. Teisserenc de 
Bort, whose recent death meteorologists of every country 
lament,, is called the stratosphere; the lower part of the 
at,mos here is the part that is churned u by ascencling 

troposphere. The height a t  which the st,ratouphere is 
reached, as well as t.he temperatmure of the layer, varies 
from c?ay to day and from place to place. In England 
i t  is met with at  heights vii.rying from about 8 to 14 
kilometers, with temperatures varying from - 40’ to 

It is not, however, with temperatures thi%t I a.m chiefly 
concerned to-night, but with the wind currents in the 
different layers of the atmosphere. If one of the balloons 
carrying instruments or if a smaller pilot balloon is ob- 
served with a theodolite, its position from minute to 
minute can be determined, ancl from its trajectory or its 
path as it ascends the winds that, it encounters can be 
c.alculat.ed. 

1 Reprinted by permission ol the author from the Proceedings 01 the Royal Institution 

-80’ C. 

of Onurt Rriklto. 

The theodolite used is constructed specially for the 
purpose; a prism in the telescope reflects the light at 
right angles, so that the observer is always lookin in a 

is important that the observer should be in as comfortable 
a position as poskible, for an ascent sometimes lasts over 
an hour and a half, during which time the observer can 
only take his eye from the telescope for a few seconds a t  
a t h e ;  otherwise he may lose sight of the balloon and be 
unable to find it again. 
. The balloon having been started from one end of the 

base, observations are taken from both ends a t  exact17 
the same time, usually every minute. From the OSI- 

plotted on a diagram, the run of the ba.lloon during the 
minute can be measured, and hence the wind velocity 
during that minute can be obtdned. After the wind 
velocities have been mea.sured off and the wind directions 
obtained from the directions of the lines on the diagram, 
another d i a g r m  is constructed showing the relation of the 
wind velocity and direction to the height. 

I t  is not necessary to have two observers if the rate of 
itscent of the balloon is known; in such a case the com- 
plete path of the balloon can be calculated from the ob- 
servations of one the0dolit.e. It is not possible to know 
the rabe of ascent with complete accuracy, as up and down 
currents in the air wil l  affect the normal rat!. In prac- 
tice, especially in clew weather, the method IS fairly sat- 
isfactory. The met-hod of one theodolite re uires less 
pre mation, and the subsequent calculations 09 the path 

vations taken with two theodolites from.opposite ends of 
a base line. 

The best time for observations is toward sunset, so that 
the balloon reaches its greatest height after the sun has 
set on the surface of the earth. At such times the balloon, 
still illuminated by the sun, shines like a planet; and on 
one occasion I should have found it impossible to tell 
which was the balloon and which was Venus except for 
the movement of the balloon. The distances at which 
Ixdloons may be seen t,hrough the telescope of the theodo- 
lite are remarkable. A striking instance was when the 
flash of the sun on the small meteorograph was seen-not 
once, but repeatedly-when the balloon was about 9 miles 
a.love the sea a.nd at a. horizontal distance of about 30 
miles. 

In  considerin the structure of the atniosphere, as it has 

princi ally at  Ditcham on the South Downs, we may di- 

in the lowest kilometer an (B) the general wind distribu- 
tion up to the greatest heights reached by the balloons. 

It, is a matter of common observation that the wind 
increases above the surface, and in these da of aerial 

first linear or nearly so and that the line representin 
linear increase 

and draw through it a line from zero velocitv a t  sea level, 
the wind velocities at  other heights, up to haB a kilometer 
to 1 kilometer, will lie very nearly on this line. This ap- 
prosimatdy linear increase has been found to agree with 
observations at  several land stations, but over the sea 
other conditions probably prevail, 

But there are occasions when this state of thhga does 
not apply at all; this is often the case in light breezea and 

horizontal direction, even if the balloon-is overhea 8 . It 

tions of the balloon at each successive minute, whic f are 

of t 1 le balloon are less laborious than in the case of obser- 

been revealed E y t.he observations I have carried out, 

vide t i e  ff subject into two arts: (A) The wind structure 

navigation it is im ortant to know the law of t E s increase. 
It seems that n t  B itcham the increase in velocity is at 

that is to say, i I we plot the wind velocity at  the surface 

a 

asses through zero velqcity a t  sea 
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a t  times when the surface wind is very shallow, giving 
lace to an entirely different wind r6gime in the first 

Rilometer of height. At such times it often happens that 
the wind velocity is greatest a very little way above the 
surface. The fact that there are two separate conditions 
emphasizes the dan er of taking means.' By taking the 
mean value of a num B er of separate observations we might 
get as a result that the wind neither increased nor decreased 
in the first kilometer of height, which in reality is only 
true on very rare occasions. As has been truly said: "La 
m6thode des moyeniies c'est le s e d  moyen de ne jaiiiriis 
connaitre le mai! ' ' 

Another uestion of great iniportance to aviators is the 
effect of hi s s upon the winds blowing over them. The 
balloons used in my investigations ascend at  the rat.e of 
500 feet per minute and in a few minutes are cnrriecl 
beyond the reach of ground eddies. In  some cases, how- 
ever, T have found that a balloon rose with more than its 
normal velocity when passing over hills if a strong wind 
was blowin and the effect is visible soiiietimes even 
when the b 3 oon is more than a kilometer above the sur- 
face; on other occasions very little effect! has been ob- 
served. More light is bein thrown on this question by 
the observations of Mr. J. 8. Dines on slowly ascending 
balloons. 

The lower layers of the atmosphere up to 1 or 2 kilo- 
meters are the most important to a.viaiiors. To mekor- 
oZo&ts the higher layers offer problems of greater interest. 
In  considering the winds in the free air it is convenient to 
have some datum to which to refer them. The observed 
surface wind is not convenient for this pur ose, being too 
much affected by local conditions near t 1 0 fifou"d. A 
better datum is what is known as the a lent wind. 
Under the influence of the barometric gragent the air is 
bein pressed toward the areas of low pressure, but the 
win f is actually blowing more or less along the isobars at 
right angles to the force. I n  much the same way water 
in a basin, when allowed to escape through a hole in the 
center and when given a slight movement of rotation, 
moves round the basin at  right angles to the forces which 
are pressing it toward the center. I n  the case of the 
atmos here the turning movement is given by the rota- 

condition to be maintained the air must be momng with 
a certain deh i t e  velocity, depending on the shape of the 
isobars and the steepness of the barometric gradient. 
This rate can be calculated for the conditions obtaining 
at the time, and the wind so calculated is called the 
gradiend wind. It has been found that there is a fairly 
good agreement between the wind so calculated and the 
observed wind at  a height of one-half kilometer or so? but 
owing to friction the surface wind is usually of a smaller 
velocity and directed more toward the low pressure. 

In  order to show in a clear manner the changes of wind 
at different levels, I have prepared some models which 
've a better mental icture of the conditions than a 

into layers, each 1 kilometer thic\, and the average wind 
in each layer is represented b a colored card; the length 

meter representing 1 meter per second, 1 meter per second 
being about 24 mdes per hour; the direction of the card 
shows the direction of the wind, the arrow flying with the 
wind. The red .cards represent winds that may be su - 
osed to come from an equatorial direction-that is, win $ s 

from eaut-southeast through south to west-northwest- 
the blue card winds that may be supposed to corne from 

tion o P the earth under the moving air. For any pressure 

fagram. The atniosp g ere is su posed to be divided up 

of the card represents the ve s ocity of the wind, 1 centi- 

8 P O h '  dir0CtiOn. 

For convenience I have divided the wind structures 
into five types; they are perhaps rather artificial, as I shall 
show later, but it is convenient to make some sort of 
cliissification, even when further knowledge must change 
it. In the first three types of wind structure, the wind 
increitses above the surface and equals thegradient velocity 
at  a height of one-half kilometer or so; above this in the 
fiist class the wind remains more or less equal to the 

the second class the wind in 

to a lesser value; but in all three classes the direction 
remains much the same as that of the 

not seem to ke associated with any particular type of 
isobars, but in a preponderance of cases the wind is 
easterly and the remaining cnses are nearly all wester1 ; 
it is rare to find the solid current with winds from t z b 
north or from the south. 

In  rare cases there is hardly any wind up to the greatest 
heights reached, and the little wind there is often blows 

gradient velocity up to a hei 

the gradient wind, and in 

7 or 8 kilometers; in 
er air greatly esceeds 

it falls off again 

adient mnd. 
The first tyie  may be c d e d  the so f? d current; it does 

FIG. l.-Iwlmrs at sea level 190;. May 11,B p. tu. 

from varying directions in different layers. This type, 
which may be looked on lt8 a subclass of the first type, 
sometimes occurs in still anticyclonic conditions in 
summer. 

In the second class the gradient wind, after being 
reached at  a height of about one-half kilometer, is greatly 
esceeded in the u per air; in some cases the wind a t  3 
or 3 kilonietem is 2 ouble the gradient value, or even more: 
This type is likely to occur when there is a low pressure 
to the north of the station and when there is a strong 
temperature gradient, such that the low temperatures 
correspond to the low pressures and vice versa. Such 
conclikons should theoretically cause an increase in wind 
velocity in the upper air, but it is not possible to calculate 
what the effect should be without knowing the tempera- 
tures not only on the surface but in the upper air over 
the region in question. One may, however, calculate 
what effect surface temperatures would have on the 
isobars-at, say, 3 kilometers-assuming that the vertical 
temperature gradiant is the same at e v q  pcint. A map 
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constructed to show the isobars'which have been thus 
calculated must be looked on as a rou h approsimation 

meters for May 11, 1907, based on fi ure 1, shows how 

than it was on the s&e, a fact which quite accounts for 
therapid increaseinwind velocity from 2 meters per second 
at the surface to 19 meters er second a t  3 kilometers. 

of the com ass. 

after reaching the radient velocity in the first one-half 

air. This class is almost. entirely associate wvit.h easterly 
winds on the surface, when there is high pressure to t,he 
north and low pressure to the south. An east wind is 
usually, though not always, a shallow one: a southwest! 
gale increases in the upper air, but when an easterly gale 
is blowing, causing such high seas and such dangers t o  

it is curious to reflect. that such a short clist.anc.a 
up shippint we s ould meet with light breezes or even a rtomp1et.e 
calm. 

only to the real conditions. A map o H isobars at 3 kilo- 

much steeper was the adient on this f ay in the upper air 

Winds belonging to this c Q ass niay come from any point 

The thir B class comprises those cases in which the wind, 

kilometer or so, fa 4 s off inore or less ratpidl in the upper B 

there is no sign on the surface of the westerly wind above, 
but, it ap ears that in Germany, where t$he pressure was 
highest, t Y le westerly wind must have been descending and 
must have divided into two currents, one flowing on as a 
west.erly wind over eastern Europe, t,he other flowing back 
as the sast.erly wind recorded in this cou!itrp. 

There are other cases of reversal which are not so simple 
as the one described above. In  many cases this type is 
associated with sniall depressions or with small areas of 
high pressure which seem to be relat.ively shallow. The 
sui-fnce wintls are related to t.hese shallow systems, while 
the upper winds are controlled by larger area3 of high and 
low pressure, shown on the weat.her maps at  places lying 
farther froni t,he point. nf observation. 

On Sept.ember 30,190S (see fig. 3), for instance, a south- 
erly surface wind, after remarkable backing, gave place to 
a calm at, 3 kilomet,eis: above the calm anot,her southerly 
wind is met wit,li; in t.his cam t.he surface wind is probably 
related to t.hc high- )ressure sj-stem over Germany; the 
upper wind to t.hr! c / ctpression approaching from the At- 
lantic.. There was another somewhat similar case on 
November 16, 190s (see fig. 1), though wit'li winds from a 

FIG. Z-Isobars at sea level ISM, November 6,B p. m. 

We now come to the class of reversals when tho wind In 
the upper air is very different in direct,ion from that near 
the surface, and when it often bears no relat,ion t.0 t.he 
surface pressure distribution. In  a typical case, after an 
initial increase for a short distance above the surface, we 
find the wind gradually decreasing as we ascend, till a 
layer is met mth,  in which there is a complcte calm; 
above this we find an entirely different, wind, which usu- 
ally increases as we go higher, as in t.ha case of winds in the 
second class. It looks at, first! sight as though t.here were 
a discontinuity in the atmosphere. but I hope to show 
later that this is more apparent than real. A t,ypical es- 
ample of a reversal occurred on November 6, 190s (see 
fi .2 ) ,  when themdace wind was easterly with n velocity 

it fell off to a com lete calm a t  3 kilomet.ers; at. 4 kilo- 

to a wind of 15 meters per second at 10 kilometers. The 
weather map for this day is remarksble; over this oountry 

o f 17 meters a second, just below 1 kilomet.er: above this 

meters there was a E 'ght northwest wind, which increased 

FIG. 3.-.-lwbare at sea level I!lWXLp. September 30,6 p. m. 

different direction. The nort,herly surface wind backed, 
and a calm was met. with; above t,his, vary unexpectedly, 
came a thin stream of southerly wind, above which again 
was a north wind, increasing in velocity with height. In  
this itase the lowest wind was part of the c.irculat,ion of an 
ant.ic,yc.lone wliidi was approac.liing these islands from the 
Athitic. The int.erniediat,e southerly wind was perhaps 
t,he last remaining effect of the anticyclone over the Conti- 
nent,, while the upper wind was the out,flnw from abovo a 
depression near Iceland, a wind which belongs to another 
class t.o be not.iced later. 

In  cases of reversal we find t.hat the warm wind flows 
over the t.op of the one that, comes from a colder region: 
there must. somewhere be a line where the warm current 
is rising, where it must be cooled d.ynamically, and where 
it,s morst.ure mag condense into cloud or rain. It is inter- 
est,ing to note that in niost cases rain occurs somewhere in 
the region of tho reversal, and in summer thunderstorms 
are frequent. Thunderclouds may often be seen to be in 
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a wind coming from a cont,rary direction to the wind on 
the surface, and it seems possible that, for anything like a 
sustained thunderstorni something in the nat.ure of a. re- 
versal must exist. It is diacult to see how a difference of 
potential s&cient t,o produce 1iglit.ning can be kept, up 
unless winds from different direct,ions are bringing niasses 
of air a t  different potentials near to one nnother. 

I t  has been noticed in Hanipshirt? t,hat when t,he sound 
of gunfiring in the Channel is clistiiict it  is, in suninier, a 
sign of thunder. An esplnnat,ion ni?y be hazarded: If 
there is 8 reversal so tliat t.he up ctr wind is c.oniiiig from 
the south, t.he sound waves trave P ing from bhis point, with 
a slight upward tendency will he refrac.t,cd on ent wing the 
upper current, and t,hus, insktacl of being c-lissipat,ed in the 
upper air, map again reach the surface a t  a consit1er:dh 
distance from .t,heir point, of origin. Such condit.inns of 
wind are those produc tivo of thunderst~jrnis. This may 
also possibly account for t,he superstition bhxt, ‘gunfiring 
produces rain. The sound of guns is only carried t:o great 
distances under the conditions I have nient,ionetl, which 
are precisely t,he condit.ions favorable for heavy rrtins. 

FIG. 4.--Iaohars at sea level lWS, Xowinbw 11;. li 11. m. 

A iiort.hertst8 wind with rain last,ing niniiv hours is n 
common and n very unpleasant t . g p  of weather: ii. is not 
obvious where the moisture conies froin wit-h such a wind, 
for the air from tvhe dry regions of .the Cont,intwt could 
hardly become saturated in its short) passage over the 
North Sea. I believe the moistmure conics from the dtllan- 
tic in a southwesterly wind in the upper air. B;i.lloons 
can not be followed for any length of time in such wcwther 
but I have sometimes ohservcd that the ~ i~rb l ic i~ t ,e r l~-  
wind. slackens c.onsiderahly below the cloud level, nnd 
sometimes, when breaks in the clouds liave eiicihld brtl- 
loons to be followed a lit,tle fartlicr, there hnve hcen un- 
mistakable si ns of r e~e r~ t i l .  A careful watch for upper 

often indicate an upper southerly wind. So sure do I fccl 
of these facts that, though living only 12 miles from the 
Channel I never hesitate t.0 send LI an inst~runicnt~- 

wmd, eeling sure that, though tlie balloons may go 
t<)Ward tbe see. at first, they wlll ultimately return and 

clouds, seen t 5 rough lifts in the lower cloud shect., d l  

balloon in rainy weather wit !i i a iiorthensterly 

fall on dry land. My confidence is usually rewarded, the 
balloons coming to enrth in the midlands, or eastern 
counties. 

The last type of wind structure to be considered is the 
outflow that seenis to tnke place from the upper layers 
ovor x low-pryssure system, causing west to north winds 
in the upper air on the east and south sides of the depres- 
sion. Depressions out in the Stlantiic, which cause south- 
west winds on the surfwe, give rise to west or northwest 
winds in tJic upper air over ~nglanc1: even cyclones as 
far off as Ic.eland produc,e s d i  winds, and as tliey pass 
dong the Arctic Circle, between Iceland and Norway, 
they show their presence by an upper northerly wind 
cn-cr this country. A s  the upper wind is often quite 
diff went froin that on the siirface, reversals are frequent 
ill this class, and :ire nssocirrted as usual with rains and 
with tliuiid~~~st~ornis in the suiiinier. It may be that much 
of the rain thttt fdls in tho cyclonic depression is due to 
the rising of this outward flowing current over the very 
different surfacs currents 011 the rnst  and northeast sides 
of the delm~ssioii. 

In conncction with the subject of reversals, I niny nien- 
tion the \mve and ripple clouds that, form such beautiful 
skyscnpcs. T t  uscid to he supposcd that these were 
fornied hy winds from cliffwent directions flowing over 
one nnothcr md setting up wttvrs: but the observations 
of pilot bdloons have shown bhilt between two currents 
from difftwnt dircctions there is cithcr ti layer of calni, 
or elsr? the wind c h i m p  round ndunlly; two very dif- 

is 110 abrupt transition betwecn them. 
To show rclation of the cliff crent types of wind struc,ture- 

to the surfarc pressiircs, n modcl lins been prepared J on the 
ni:t > art! sliown a dt?prcssioii and an ttrcit of high pressure, 

is iz sheet of ghss to represent the first, 5 kilometers of the 
atmosphere : oii this tire nittrked t h  winds one would 
esprct to nicet with at  this l e d  undi~r the conditions of 
prcssure supposed : above this sh& of glass is another 
rc ircsentin tlir thickness of tlie atmosphere from the 

scrtle of oii~l-niillioiit,li~ the vertical scnlr through the lass 
hriiig npprosinlittel~ thc s a n ~  

Thc icliurnin up of the air resulting from the heatin 
of the surfncc 7 ayers by coiidact with the earth heate 
ddly hg the stin, does not presumably reach into the 
stratosphere; there being no vertical movements, we 
should expect to find only such horizontal movenients 
as tire coiisi~tent~ with n suitablt. clistrilmtioii of ‘density. 
In the siniplrst c:ises tlie wind increases in velocity till 
a ninsiiiiiim is reiwhecl just below the stratosphere ; nhova 
this the wind begins to diminisli, and sometimes fdls off 
in :t very m~xrkcd nianiie~. There are occasions when dl 
real wind serins to l i n w  cr!:isecl, and the balloon as it 
ascends throudi this c.urious rc.gi0n inoves first in ono 
direction and t%cn in another, so thatf the relation of wind 
direction to heightr can on$ be reprcsented on a diagram 
hg tt cliscoiinccted series of points. 

What t&es plnce still higher ? Does this region of 
ciilm es.tenc1 to the very confines of the atmosphere ? We 
have prnct,ically 110 cwdence to go on. On February 23, 
1909 (see fig. 5 1 ,  ti meteor left, a magnificent streak which 
was visible for two houu and n half: this trail, which was 
some 40 niiles above the surface of the e&h, moved in 
a innnn~r sugge~t~ing mry  high wind velocities! with 
sudden variat,iom in the different 1:tyers through which 
it passed. But it, is possible that- the streak of a meteor 
may partake of the nature of an aurora, whoea luminous 

ferent. current,s are not found in c Y ose just,aposition: there 

wit 1 i wro\vs to show the wind direct,ions: above the map 

5- 1. -ilonieter 7 cvel to t h  stratosphere. The niodel is on the 

fi 
the horizolitnl sc af e. 
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patches sometimes move in a; remarkable way, and 
probably under forces other than those of the winds. 

Having for pu oses of classification divided t\he 

must now attempt to put them together, mid to show that 
some of the types that seem very different arc in re&y 
close1 connected. 

correlation between the surface mssure nnd vniioiis 

was suggested by Dr. W. N. Shaw, F. R. S., that the 
chan es of ressure to which our changes of wcntlier are 

as hitherto sii posed by inaiiy meteorologists, but, just 

meters or so above the surface. This view is in ~rcorc-1- 
ance with the observed facts of the wind distiibutioii in 
the different la ers of the atmosphere. 

distri 73 ution just below the stratos here, which at  that 
level produces a westerly wind o f  a certain strcngth; 

wind structure of t % e atmosphere into different dasses, I 

Fo H owing on inquiries made by Mr. W. H. Dines on the 

meteorological elements at  a heigit r of 9 kilometers, it 

due, a i  ave t eir origin, not near the surface of the cnrtli 

below the leve f of the stratosphere at  a height of 9 kilo- 

Su posing t E at on a certain day there is a pressiir.: 

Fro. 5.-Isobm at e a  l e d  1W9, FeLrnory 22,6 p. m. 

this pressure distribution will he trnii~iiiit~ted through 
al l  the lower layers of the at,mosphere, nnd unless inoclilicd 
by other conditions will produce a west wind ab the 
surface; the velocity of this wind will, howerer, be only 
about one-third of that at  the 9-kilometer lcwl owiw 
to the greater densit I{ 

lower tem erature than the air at  n correspondin height 
over the p?ace of observation, there would be u t  51  lewls 
a tendency for easterly winds. This will have the cflect 
of reducing the westerly wind as we descend through the 
atmosphere, and when tlie surface is reached the \vest 
wind will have a much lower value than it would have had 
were it only for the increased.density of the air. If the 
wind at the 9-kilometer level is not very strong, or if the 
tendency to prodace an easterly wind is strong, as would 
be the case if the air to the north were w r y  cold we 
may get a calm at the surface, or the calm may even be 
reached at  some distance above the surface, in which ease 
the tendency hr eesterly winds may actually produce 

of the air near the surface. 
however, the air to t z e north at  every height were n t  n 

XETEOROLOGY AS AN EXACT SCIENCE.' 

13y Prof. Dr. YILHELN BJERKNER. 
[ Lleli\wr~l at  the 1yni\-crsity of Leipzig. Jan. 8, 1913.1 

I t  i.s n t.iriie h o n o r d  cust.om t,lint. the i icdy appointed 
professor in his inaug'urnl ndclress shoulcl devote a few 
words t.o his pre(1ecessors 1;y way of coinmemorntion. I 
can pot f i - i l ! f w  t , lk  esn.inp~e; t,liertxfore, ouglit I t,o Iie so 
niucli t,he more cratcful for the honor of havinx been 
. . .- . . .- . -. . .. -. .- -_ - . . . .. . .. . . . . . _ _  - ___. 

1 Die Metcorolo ie a1sexl;tc Wissenschaft Antrittsvorlesunggehalten am& Jmusr ' 
1gl3 In der Aula &# UniverWt Leipeig. liraunschweig. 1M. 18 p. 8'. 


